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NOMENCLATURE (MISSILE AXIS SYSTEW) 

Symbol D e f i n i t i o n  

C~ 
Crossf low drag c o e f f i c i e n t  , FZ/qsp 

CN Normal fo rce  c o e f f i c i e n t ,  FZ/qS 

c~ P i tch ing  moment c o e f f i c i e n t  , %/qSLR 

c~ Side f o r c e  c o e f f i c i e n t ,  E;/qS 

'n 
Yiwing moment c o e f f i c i e n t ,  MZ/qSLR 

C~ Rol l ing moment c o e f f i c i e n t ,  MX/qSLR 

C~ 
T o t a l  a x i a l  f o r c e  c o e f f i c i e n t ,  FX/qS 

Fz Normal fo rce  

% Pi tch ing  moment 

F~ 
Side f o r c e  

Mz Yawing moment 

3 Rol l ing  moment 

Uni t s  

l b s .  

i n .  -1bs. 

l b s .  

i n .  -1bs. 

in . - lbs .  

F~ 
T o t a l  a x i a l  f o r c e  l b s .  

Free stream dynamic p ressure  l b e .  / i n .  
2 

4 

S Reference a r e a  (SRB body c r o s s  s e c t i o n a l  a r e a )  i n .  
2 

S Model planform a r e a  i n .  
2 

P 

L~ 
Body length  (SPB t o t a l  l eng th  inc lud ing  nozzle  extension)  i n .  

L~ 
Reference l eng th  (SRB body diameter)  i n .  

b Frer stream Mach number 

--- 
RN Free stream Reynolds number per  f o o t  

RNd 
Free stream Reynolds number based on model 
cy l inder  diameter 

a Tota l  ang le  of a t t a c k ,  angle  between t h e  X-axis and t h e  degrees  
f r e e  stream vector  ( see  Figure 2-5) 

*Tne missile axis system i s  shown i n  Figure 2-5. 

x i v  



Symbol 

0 

SRB 

x IL,  
CP 

X 
cg 

Ik* Y ~ s  

Definition 

Model r o l l  angle (see Figure 2-5) 

Abbreviation fo r  so l id  rocket booster 

Longitudinal center of pressure location i n  
percent of body length from nose, 

Longitudinal center of gravity location 
measured from the nose 

z~ Missile axes 

b s  y M R P s  zMRP Abbreviations fo r  the  location of the moment 
reference point i n  the  missile ax i s  system 
(note tha t  XEnrv - Xcg) 

Units - 
degrees 

in.  

in. 
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Section I 

The ana lys is  of t he  wind tunnel t e s t  r e s u l t s  from SRB s t i n g  in te r fe rence  

t e s t  TWT 660 and HRWT 042 was undertaken t o  evaluate  the  s t i n g  in t e r f e rence  

tha t  may be present i n  t he  Space Shut t le  SRB reent ry  aerodynamic math model. 

The wind tunnel t e s t  program w a s  designed t o  obtain six-component e t a t i c  

s t a b i l i t y  da ta  on a model of t he  Space Shut t le  146-inch diameter r i g h t  Solid 

Rocket Booster (SRB) model mounted on various s t i n g  arrangements and combina- 

t i ons  t o  determine the  s t i n g  e f f e c t s .  The t e a t  program is a r e s u l t  of recom- 

mendations made i n  Reference 1. The technique of developing the  s t i n g  in t e r -  

ference da t a  is t o  mount the  SRB model on a nose-mounted s t i n g  and obtain da t a  

with and without dumy side-mounted s t ings .  The dunrmy s i d e  mounted s t i n g s  a r e  

configured t o  s i m l a t e  s t i n g s  used a t  ARC, MSFC 14-inch TWT, MSFC High b y n ~ l d s  

number stings,and AEEC. The t e s t  program thus provided a da t a  b m e  t h a t  can 

be used t o  develop d e l t a  coe f f i c i en t s  which may be used t o  develop cor rec t ions  

t o  the  side-mounted s t i n g  SRB data  base. An add i t i ona l  port ion of the  t e s t  

program consis ted of mounting the  SRB model on various side-mounted s t i n g s  t o  

obtain da t a  with and without a dumny nose s t i ng .  This procedure provided a 

check of t he  mutual s t i n g  interference,  s ince  the  corrected da t a  f o r  both nose 

and side-mounted s t i n g s  should agree i f  the t o t a l  s t i n g  in te r fe rence  is removed 

from the da ta  and no mutual s t i n g  in te r fe rence  ex i s t s .  

The t o t a l  t e s t  program consisted of t e s t s  i n  the  MSFC 14-inch Trisonic  

wind tunnel and the  MSFC High Reynolds number f a c i l i t y .  The t e s t  program con- 

ducted in the  MSFC 14-inch Trisonic  wind tunnel developed da ta  at Mach numbers 

of 0.6, 0.8, 1.05, 1.1, 1.2, and 1.46, angles of a t t a c k  from 100 t o  140 degrees, 

and r o l l  angles of 0, 45, and 90 degrees. The t e s t  program conducted i n  the  

MSFC High Re. nolds number f a c i l i t y  developed da ta  a t  Mach numbers of 0.4, 0.6, 

and 0.8, angles of a t t ack  from 100 t o  120 degrees, and r o l l  angles of 0 and 90 
6 degrees. The Reynolds number range was from 1.5 x 10 t o  9.5 x lo6,  based on 

the model diameter. 
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T h i ~  report documents the procedure developed t o  determine the s t ing  

i n t e r f e n ~ l c e ,  the development of the corrected aerodynamic data, the re su l t s  

of the ,11alysis of the s t ing  interference data and the corrected aerodynamic 

dat,., i r  I the development of a new SRB aerodynamic math model. 
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Section I1 

WIND TUNNEL TEST PROGRAMS 

l b o  wind tunne l  t e s t  programs were conducted t o  develop t h e  r e q u i r e d  

s t i n g  i n t e r i e r e n c e  d a t a .  The wind tunne l  t e s t s  c o n s i s t e d  of a t r a n s o n i c  t e s t ,  

i n  t h e  MSFC 14-inch T r i s o n i c  Wind Tunnel (TWT 660) and a High Reynolds number 

test i n  t h e  MSFC High Reynolds Number Wind Tunnel (HRWT 042). Combinations of 

s i n g l e  and dummy s t i n g  arrangements were used dur ing  b a t h  t e s t s  t o  o b t a i n  t h e  

necessary  d a t a  f o r  t h e  e v a l u a t i o n  of t h e  s t i n g  i n t e r f e r e n c e .  A b r i e f  d i scus -  

s i o n  of each test program is presented below. A b r i e f  d i s c u s s i o n  of t h e  t e s t  

programs and s t i n g  c o n f i g u r a t i o n s  used t o  develop t h e  c u r r e n t  SRB r e e n t r y  

aerodynamic d a t a  base and d a t a  t apes  is a l s o  presented f o r  r e fe rence .  

7WT 660 TEST PROGRAM 

The TWT h60 t .est  program was designed t o  o b t a i n  six-component s t a t i c  

s t a b i l i t y  d a t a  on a model of the  146-inch diameter SRB model mounted on v a r i o u s  

s t i n g  arrangements and combinations t o  detetmiiie t h e  s t i n g  e f f e c t s .  The 

technique of developing t h e  s t i n g  i n t e r f e r e n c e  d a t a  is t o  mount t h e  SRB model 

on a nose-momted s t i n g  and o b t a i n  d a t a  wi th  and without dumy side-mounted 

s t i n g s .  The dumny s i d e  mounted s t i n g s  a r e  configured t o  s imula te  st . ings used 

a t  ARC, MSFC 14-inch TWT, MSFC High Reynolds number s t i n g s  and AEDC. The t e s t  

program thus  provided a d a t a  base t h a t  can be used t o  devslop b c o e f f i c i e n t s  

which may be used t o  develop c o r r e c t i o n s  t o  t h e  side-mounted s t i n g  SRB d a t a  

base.  An a d d i t i o n a l  p o r t i o n  of t h e  t e s t  program c o n s i s t s  of mounting t h e  SRB 

model on va r ious  side-mounted s t i n g s  t o  o b t a i n  d a t a  wi th  and without a dumy 

nose s t i n g .  This  procedure provided a check of t h e  mutual s t i n g  i n t e r f e r e n c e ,  

s i n c e  t h e  cor rec ted  d a t a  f o r  both nose and side-mounted s t i n g s  should agree  i f  

tho t o t a l  s t i n g  i n t e r f e r e n c e  i s  removed from the  d a t a  and no mutual s t i n g  

i n t e r f e r e n c e  e x i s t s .  

The t e s t  program conducted i n  t h e  EISFC 14-inch T r i s o n i c  wind tunne l  pro- 

vided d a t a  a t  Mach numbers of  0.6, 0 .8 ,  1.05, 1.1, 1 .2 ,  and 1.46, f o r  ang les  of 

a t t a c k  from 100 t o  140 degrees ,  and r o l l  ang les  of 0 ,  45, and 90 degrees .  
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The model used during the test program was MSFC model 486, a 0.5478 per- 

cent scale model of the 146-inch diameter right-hand SRB reentry configuration. 

The SRB reentry configuration is the configuration of the SRB after staging of 

the nozzle extension and prior to deployment of the nose cap that initiates 

deployment of the drogue chute (see Figure 2-1). Details of the wind tunnel 

model are given in Figure 2-2. Figure 2-3 shows the location of the right 

tiand SRB on the Space Shuttle launch configuration. The SRB consists of a 

spherically blunt 18 degree half angle cone, a cylindrical body, engine shroud, 

protubersnces, and truncated engine nozzle. The SRB model did not have the 

engine shroud thermal shield simulated. Figure 2-4 shows the SRB nozzle 

extension that is scpar.~ted at apogee and the thermal shield. The SRB 

aercuvnmic data are developed in the missile axis system. The missile axis 

system is S:~LW-I~ in F i g u r e  2-5 .  

STING HARDWAKE 

The v a r i o u s  sting configurations used are shown in Figures 2-6 through 2-21 

and i i e s i r i h c d  in T a b l e  2-1. The symbols used in the six character sting con- 

figuration identifiers are defined as follows: 

Definition 

TWT sting 
ARC sting 
H R h T  sting 

Side-mounted sting 
Side-mounted d m y  
No side sting used 

Nose-mounted sting 
Nose-mounted dummy 
No nose sting used 

sting 

sting 

Configuration for angle-of- 
attack range A (100"-120") 
Configuration for angle-of- 
attack range B (120"-140") 

The Mach numbers for which data was obtained are 0.6, 0.8, 0.9, 1.05, 1.1, 

1.2 and 1.46. The angle of attack range was from 100 to 140 degrees. Six com- 

ponent force and moment date were taken at angle-of-attack increments of 2.0 

degrees. The model was tested at roll angles of 0, 45, and 90 degrees. A 
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I.. 

series o f  d i f f e r e n t  s t i n g  c o n f i g u r a t i o n s  were used dur ing  t h e  program. Three 

b a s i c  s i n g l e  s t i n g  conf igura t ions  were t e s t e d .  The s i n g l e  s t i n g  c o n f i g u r a t i o n s  

included MSFC s i d e  aount (MSSWAIB), Ames s i d e  mount (ASSOOAIB), and t h e  MSFC 

nose mount configulration (MOONSAIB). Five d u a l  s t i n g  c o n f i g u r a t i o n s  were 

t e s t e d  wi th  va r ious  combinations o f  a c t i v e  and dummy nose and s i d e  mounts. 

The dunmy s i d e  mount c o n f i g u r a t i o n s  used wi th  t h e  a c t i v e  nose mount included 

t h e  MSFC (MSDNSA/B) , Ames (ASDNSAIB) and MSFC High Reynolds number (HSDNSAIB) 

s t i n g  conf igura t ion .  The dummy nose mount c o n f i g u r a t i o n s  used wi th  t h e  a c t i v e  

s i d e  mount s t i n g s  were t h e  MSFC (MSSNDAIB), and A m e s  (ASSNDA~B) s t i ~ g  config- 

u r a t i o n s .  I t  is noted t h a t  each b a s i c  s t i n g  has  two conf igura t ions .  Each 

conf igura t ion  is designed f o r  a p a r t i c u l a r  ang le  of a t t a c k  sweep range. S t i n g  

c o n f i g u r a t i o n s  wi th  a l e t t e r  des igna t ion  ending i n  A a r e  used f o r  t h e  A angle  

of a t t a c k  range (a = 1C0 t o  120 degrees) .  S t i n g  conf igura t ions  wi tk  a l e t t e r  

des igna t ion  ending i n  B a r e  used f o r  t h e  B angle  of a t t a c k  range (a = 120 t o  

140 degrees) .  Addi t ional  d e t a i l s  concerning t h e  t e s t  and t e s t  hardware can 

be obtained from Reference 2 .  

STING INTERFERENCE ANALYSIS PROCEDURE - TWT 6bil 

The procedure f o r  determining t h e  s t i n g  i n t e r f e r e n c e  is t h e  following. 

The s t i n g  i n t e r f e r e n c e  f o r  t h e  s i d e  mount s t i n g  conf igura t ions  is determined by 

Side  Mount 
= C  - C  

X~ummy Side Mount X ~ o s e  Mount 
S t i n g  I n t e r f e r e n c e  w i t h  Active Nose only  

Mount (MOONSA/B) 
(MSDNSA/B), 
(ASDNSAIB) 

o r  (HSDNSA/B) 

The cor rec ted  s i d e  mount s t i n g  d a t a  is thus  

Cx = C  - ACx 
Corrected X Active Side  Side  Mount 
Side  Mount Mount S t i n g  I n t e r f e r e n c e  



The s t i n g  i n t e r f e r e n c e  f o r  t h e  nose mount conf igura t ion  is determined by 

AC C - C 
X~umrny Nose Mount x %ose Mount Side  Mount 

S t i n g  I n t e r f e r e n c e  With Active Side  on ly  
Mount 

The cor rec ted  nose mount s t i n g  d a t a  is  thus  

C = C - AC 
k o r r e c  t ed  %ose Mount X ~ o s e  Mount 

Nose Mount S t i n g  I n t e r f e r e n c e  

It i s  noted t h a t  t h e  nose mount s t i n g  i n t e r f e r e n c e  could be obtained wi th  two  

d i f f z r e n t  s i d e  mount conf igura t ions  (MSSNDA and ASSNDA). The nose s t i n g  was 

i d e n t i c a l  i n  both  cases .  Then t h e  d i f f e r e n c e  i n  t h e  procedure i s  on ly  i n  t h e  

ase  of  different s i d e  mount s t i n g s .  The nose mount s t i n g  i n t e r f e r e n c e  has  

been l ab led  d i f f e r e n t l y  t o  d i s t i n g u i s h  what s i d 2  mount s t i n g  was used t o  develop 

t h e  s t i n g  i n t e r f e r e n c e  d a t a ,  

HW 042 ~ E S T  PROGRAM 

The HRWT 042 test program was a t h r e e  p a r t  program t h a t  c o n s i s t e d  of 

t e s t i n g  one conf igura t ion  from t h e  TWT 660 t e s t  program, t e s t i n g  a b a s i c  

cy l inder  t o  v e r i f y  b a s i c  c y l i n d e r  d a t a  t r e n d s  and t h e  s t i n g  i n t e r f e r e n c e  por- 

t i o n  of t h e  t e s t  program. 

The model conf igura t ion  used f o r  t h e  TWT 660 v e r i f i c a t i o n  was configura- 

t i o n  ASSOOA/B. The model and s t i n g  conf igura t ion  used f o r  t h e  HRWT 042 test  

is presented i n  Figure  2-22. The test conf igura t ion  used f o r  t h i s  hardware 

dur ing  t h e  TWT 660 t e s t  i s  shown i n  Figure  2-15. The TWT s t i n g  and SRB model 

hardware f o r  t h i s  conf igura t ion  was t e s t e d  i n  t h e  High Reynolds number tunnel .  

The c y l i n d e r  test used a symmetric and asymnetric c y l i n d e r  wi th  a s i d e  

mount s t i n g  ( see  Figures  2-23 through 2-25). The cy l inder  t e a t  allowed a check 

wi th  previously  published high Reynolds number c y l i n d e r  d a t a  and allowed t h e  

eva lua t ion  of b a s i c  c y l i n d e r  moment i n t e r f e r e n c e  due t o  t h e  s t i n g .  

The s t i n g  i n t e r f e r e n c e  p o r t i o n  of t h e  test w n s i s t e d  of us ing a series 

of e t i n g  conf igura t ione  u t i l i r e d  i n  e a r l i e r  SRB t e e t i n g  (HRWT 039) a long wi th  
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new conf igura t ion  t h a t  allowed t h e  eva lua t ion  of t h e  s t i n g  i n t e r f e r e n c e .  The 

SRB model conf igura t ion  used f o r  t h e  t e s t  i s  presented i n  Figure 2-26. The 

s i n g l e  and dual s t i n g  c o n f i g u r a t i o n s  used a r e  presented i n  Figures  2-27 through 

2-34. The s i n g l e  s t i n g  conf igura t ions  used a r e  t h e  s i d e  mount s t i n g  (HsSOOA/B) 

ehown i n  Figures 2-27 and 2-28 and t h e  nose mount s t i n g  (HOONSA/B) shown i n  

Figures  2-29 and 2-30. The dua l  s t i n g  conf igura t ions  inc lude  t h e  s i d e  mount 

with dummy nose mount (HSSNDA/B) shown i n  Figures  2-31 and 2-32 and t h e  nose 

mount wi th  t h e  Dunnny s i d e  mount (HSDNSAIB) shown i n  F igures  2-33 and 2-34. 

Addi t ional  d e t a i l s  concerning t h e  t e s t  program and model hardware can be  

obta ined from Reference 3. 

STING INTERFERENCE ANALYSIS PROCEWRE - HRWT 042 

The procedure f o r  determining t h e  s t i n g  i n t e r f e r e n c e  is  t h e  following. 

The s t i n g  jn te r fe rence  f o r  t h e  s!de mount s t i n g  conf igura t ions  is  determined 

by 

= c - C 
Side Mount X~unrmy Side Mount %me Mount 
S t ing  In te r fe rence  With Act ive  Nose Only 

Mount (HOONSA) 
(HSDNSA/B) 

The cor rec ted  s i d e  mount s t i n g  d a t a  is thus  

C = C - AC 
x x Active  Side  Mount x Corrected Side  Mount 

side Mount (HSSOOAIB) 
S t i n g  I n t e r f e r e n c e  

The s t i n g  i n t e r f e r e n c e  f o r  thta nose :munt conf igura t ion  is determined by 

= C  - C 
%unrmv Nose Mount X Side Mount 

S t ing  In te r fe rence  With- Act ive  Side  on ly  
Mount (HSSOOA/B) 
(HSSNDA/B) 
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The cor rec ted  nose mount s t i n g  d a t e  is t h u s  

C = C  - AC 
X ~ o r r e c t e d  X ~ o s e  Mount %ose Mount 

'OSe kunt (HOONSA/B) 
S t ing  I n t e r f e r e n c e  

OTHER TEST PROGRAMS 

The r e e n t r y  aerodynamic s t a t i c  e t a b i l i t y  d a t a  base  f o r  t h e  146-inch 

diameter r i g h t  s i d e  Space S h u t t l e  SRB w a s  developed from a s e r i e s  of wind 

tunnel  t e s t  programs. These wind tunne l  test programs a r e  de f ined  below. 

TWT 640 (SA14Fb); conducted i n  t h e  NASAIMSFC 14-inch T r i s o n i c  Wind 
Tunnel, Reference 4. 

0 P r o j e c t  P41C-E3A (SAl6F); conducted i n  t h e  4T Arnold Engineering 
Development Wind Tunnel, Reference 5. 

0 ARC 11-74-1 (SAllF); conducted i n  t h e  Ames Research Centers  Uni tary  
Tunnels, References 6 and 7 .  

0 HRWT 034 (SA~OF); conducted i n  t h e  NASAIMSFC High Reynolds Number 
Wind Tunnel F a c j l i t y ,  Reference 8. 

HRWT 039 (SA31F) ; conducted i n  t h e  NASA/MSFC High Reynolds Number 
Wind Tunnel F a c i l i t y ,  Reference 9. 

TWT 596 (SA21F); conducted i n  the NASAIMSFC 14-inch T r i s o n i c  Wind 
Tunnel, Reference 10. 

The range of test condi t ions  f o r  t h e  major test programs are presented 

i n  Table 2-2. These t e s t  programs were used t o  develop two aerodynamic math 

models of the  SRB r e e n t r y  aerodynamic c h a r a c t e r i s t i c s .  The Math models were 

put on magnetic t ape  f o r  use i n  SRB r e e n t r y  dynamics s t u d i e s  and a r e  i d e n t i -  

f i e d  a s  SRB Aero d a t a  Tape #1 and 12.  SRB d a t a  Tape #I was developed us ing 

r e s u l t s  from t e s t s  HRWT 034, TWT 640, and SA16F. Tes t  TWT 640 prov ides  t h e  

d a t a  b a s i s  f o r  both  d a t a  t apes .  Tes t  TWT 640 was t h e  only  t e s t  t h a t  covered 

t h e  complete angle  o f  a t t a c k  range (a 0 t o  180 degrees)  and r o l l  ang le  range 

(0 - 0 t o  315 degrees) a s  shown i n  Table 2-2. A l l  o t h e r  t e s t a  provided only 

p a r t i a l  a t t i t u d e  coverage. Tes t  TWT 640 used t h e  s t i n g  c o n f i g u r a t i o n s  shown 

i n  F igures  2-35 and 2-36. Teat SAl6F used t h e  s t i n g  conf igura t ion  shown i n  

Figure  2-37. This s t i n g  conf igura t ion  was a l a o  used i n  p o r t i o n s  of t e s t  

TWT 640 f o r  t h e  ang le  of a t t a c k  range from 130 t o  150 degrees .  
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Data Tape 12 was developed us ing t h e  r e s u l t s  from t h r e e  eupplemental t e s t  

p r o g r a m .  These test p r o p m e  were SAllF, SA21F. and SA31F. Tes t  SAllF ueed 

a l a r g e r  model (2.8 pe rcen t  aca le )  and thus  t h e  modei hod improvements i n  

t h e  number and f i d e l i t y  of protuberances.  The model w a s  t e s t e d  over  a l i m i t e d  

range of a t t i t u d e  and r o l l  ang les  however ( see  Table 2-2). The Amer t e s t  

(SA11F) used t h e  s t i n g  conf igura t ion  shown i n  F igures  2-38 and 2-39. Tes t  

SA2lF was a test t o  develop r o l l i n g  noment d a t a  f o r  every 22 112 degrees  of 

r o l l  angle.  The i n t e g r a l  of t h e  r o l l i n g  mment c o e f f i c i e n t  a t  a cons tan t  ang le  

of a t t a c k  should be  near  zero.  Tes t  SA21F provided t h e  requ i red  d a t a  t o  

improve the  r o l l i n g  moment c o e f f i c i e n t  math model f o r  d a t a  Tape #2. Tes t  

SA31F v a s  used t o  provide high Reynolds number d a t a  t rend8 f o r  -.he SRB model 

with protubzrances f o r  use  i n  t h e  development of Tape 62. The s t i n g  conf igura-  

t i o n  used f o r  t e s t  SA31F (HRWT 039) a r e  preeented i n  F igures  2-40 and 2-41. 

Thue t h e  SRB r e e n t r y  aerodynamic d a t a  base was developed us ing t h e  s t i n g  

conf igura t ion  presented i n  F igures  2-37 through 2-41 f o r  t h e  angle  of a t t a c k  

range from 60 t o  180 degrees.  The s t i n g  conf igura t ion  presented i n  F igures  

2-6 through 2-34 provide t h e  means of eva lua t ing  t h e  s t i n g  i n t e r f e r e n c e  ;x 

t h e  d a t a  base s t i n g s  over t h e  c r i t i c a l  angle  c f  a t t a c k  range from 100 t o  140 

degrees.  
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TABLE 2-1. TWT 660 STING CONFIGURATIONS 

MSSOOA 

MSSOOB 

)900N;A 

MOONSB 

FtSSNDA 

MSSNDB 

MSWSA 

MSDNSB 

ASSOOA 

ASSOOB 

ASSNDA 

ASSNDB 

AS DN SA 

ASDNSB 

HSDNSA 

HSDNSB 

Descr ip t ion  

TKT side-mount s t i n q  138, 100" - < - < 120" 

TWT side-mount s t i n g  137, 120" - < a 1 1 4 0 "  

Nose-mount s t i n g  140, 100" - < a - < 120" 

- 140" Nose-mount s t i n g  141, 120" 5 a - 

TWT side-mount s t i n g  138, nose dumny 140-D 
100" : a < 120" -- - 
TWT side-mount s t i n g  137, nose dumy 141-3, 
120° < a < 140' -- - 
TWT s ide  dumny 138-D, nose-mount s t i n g  140, 
100n - < a 5 120" 

TWT s ide  dumny 137-D, nose-mount s t i n g  141, 
120" < a c 140° - - 

ARC side-mount s t i n g  142, 100" - < a - . 120" 

ARC side-msunt s t i n g  142, 120" - < a - < 140" 

ARC side-mount s t i n g  142, nose dumny 140-0, 
100" < a < 120" - - 
ARC side-mount s t i n q  142, nose d m >  141-D, 
120" < a < 140" - - 
ARC s ide  dummy s t i n g  142 (W/O balance adapt.  0 1 ,  
nose-mount s t i n g  140, 100" - < a - < 120" 

ARC s ide  dumy s t i n g  142 (W/O balance adapter ) ,  
nose-mount s t i n g  141, 120" - < - < 140" 

HRWT s ide  dumy HRWT1-D, nose-mount s t i n g  14G, 
100" 5 a 5 120" 

HRKT s ide  dmy HRWT2-D, nose-mount s t i n g  141, 
120" - < a < 140' 

F igure 
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S e c t i o n  I 1 1  

TWT TEST RESULTS 

The p rocedure  used  t o  develop  t h e  s t i n g  i n t e r f e r e n c e  d a t a  r e q u i r e d  cha t  

t h e  wind t u n n e l  test d a t a  f o r  a l l  c o n f i g u r a t i o n s  be  i r i t e r p c l a t e d  t o  i d e n t i c a l  

a n g l e s  o f  a t t a c k  s i n c e  d a t a  had t o  be s u b t r a c t e d  and added a t  t h e  same v a l u e  o f  

a n g l e  of a t c a c k .  A computer code was developed  t o  p e r f ~ r m  t h e  c a l c u l a t i o n s  

i d e n t i f i e d  i n  S e c t i o n  T I  t o  de t e rmine  t h e  ancun t  o f  s t i n g  i u t e r f e r e n c e  and 

c a l c u l a t e  t h e  s t i r .g  i n t e r f e r e n c e  f r e e  v a l u e  o f  t h e  aerodynamic c o e f f i c i e n t s .  

An exemple o f  t h e  l i s t i n g  of  t h e  o u t p u t  o f  t h e  coax 13 presente, '  i n  T a b l e s  3-1 

through 3-4. Summary t a b l e s  o f  t h e  v a l u e  of t h e  s:ing i n t e r r e r e n c e  and t h e  

c o r r e c t e d  d a t a  were a l s o  develgped t.) a s s i s t  i n  t h e  a n a l y s i s  o i  t h e  d a t a .  An 

example summalry t a b l e  i s  p r e s e a t e d  i n  Tab le  3-5. Tables of  each  cuef ' i c i e n t  

a r e  p re sen ted  i n  Appendix A t o r  each  Mach number and r o l l  a n g l e  t e s t e d  and 

f o r  each s t i n g  c o n f i g u r a t i o n .  Tab le  3-1 s h ~ w s  an examplc o f  t h e  d a t a  1is:qng 

f o r  t h e  Ames nose morlnr config*-!rat ion.  A column l i s t i n &  of d a t a  f o r  each  

c o n f i g u r a t i o n  is  p r e s e n t e d  co r r e spond ing  t o  t h e  e q u a t i o n  -equi red  t o  de t e rmine  

t h e  s t i n g  i n t e r f e r e n c e  ( s e e  S e c t i o n  If). The v a l u e  of t h e  s t i n g  i n t e r f e r e n c e  

i s  l i s t e d  a s  AC and t h e  c o r r e c t e d  nose  mount d a t a  is l i s t e d  i n  t h e  last  

column a s  '; . Tab le s  3-2 t: rough 3-4 p r e s e n t  s i m i l a r  d a t a  l is  l i n g s  f o r  
N ~ m  

t h e  Marsha l l  nose mount s t i n g  and t h e  Ames and Marsha l l  s i d e  mount s r i n g  

c o n f i g u r a t i o n s .  It is  n o t e 3  t h a t  t h e  Ames and Marsha l l  nose  mount s t i n g s  :ire 

,he i d e r r t i c a l  nose  s t i n g  c o n f i g u r s t i o n .  The d i f f e r e n c e  i n  t h e  st!ng inter- 

f e r e n c e  d a t a  is  i d e n t i f i e d  by t h e  p rocedure  used t o  o b t a i q  t h e  s t i n g  i n t e r f e r -  

ence  d a t a  a s  i d e n t i f i e d  i n  S e c t i o n  XI. Tab le  -5 p r e s e n t s  a  summary t a b l e  o f  

t h e  s t i n g  i n t e r f e r e n c e  f o r  each  c o n f i g u r a t i o n  and t h e  c o r r e c t e d  d a t a  f o r  each  

c o n f i g u r a t i o n .  The summary t a b l e  of  s t i n g  i n t e r f e r e n c e  is  u s e f u l  i n  t h a t  i t  

a l lowed t h e  i d e n t i f i c a t i o n  of  t h e  l a r g e s t  and s m a l l e s t  l e v e l  o f  s t i n g  i n t e r - ,  

f e r e n c e .  The summary o f  c o r r e c t e d  d a t a  on t h e  r i g h t s i d e  o f  t h e  t a b l e  a l s o  

i n c l u d e s  t h e  ave rage  of t h e  d a t a .  Th i s  column a l lowed t h e  e v a l u a t i o n  o i  

ex t remes  i n  t h e  c o r r e c t e d  d a t a  base .  The s t i n g  i n t e r f e r e n c e  and t h e  c o r r e c t e d  

d a t a  p re sen ted  i n  A,pendix A have been ana lyz  d and t h e  r e o u l t s  of  t h e  a n a l y s i s  

d i s c u e s c d  below. 
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LONGITUDINAL DATA RESULTS 

Values of t h e  normal f o r c e  s t i n g  i n t e r f e r e n c e  a r e  p r e s e n t e d  i n  F i g u r e s  

3-1 through 3-5 ve r sus  ang le  of a t t a c k .  The f i g u r e s  show t h a t  t h e  s i d e  mounted 

s t i n g s  have t h e  l a r g e s t  i n t k r f e r e n c e  w i t h  t h e  W S  t y p e  s t i n g  having  t h e  l a r g e s t  

normal f o r c e  i n t e r f e r e n c e .  The s i d e  mounted s t i n g s  show a n e g a t i v e  s t i n g  A 

which is  a  r e d u c t i o n  i n  t h e  aerodynamic narmal  f o r c e  due t o  t h e  p re sence  of  

the s t i n g .  The nose mounted s t i n g  shows some p o s i t i v e  and some n e g a t i v e  s t i n g  

i n t e r f e r e n c e  a t  t h e  lower Mach numbers. T h i s  could  occur  due t o  t h e  method o f  

mounting t h e  nose s t i n g .  A p o r t i o n  o f  t h e  nose  o f  t h e  SRB h a s  t o  be removed 

t o  mount t h e  nose s t i n g .  The nose s t i n g  h a s  a c y l i n d r i c a l  l e n g t h  t h a t  adds  t o  

t h e  o v e r a l l  f i n e n e s s  r a t i o  of t h e  c y l i n d e r .  The n e t  n c s e  s t i n g  i n t e r f e r e n c e  is 

rhus a tradr- bctweer:  =he r e d u c t i o n  i n  nose  a i r l o a d  due t o  *-emoval o f  a p o r t i o n  

0.- t he  nose and t h e  a d d i t i o n a l  a i r l o a d  due t o  t h e  i n c r e a s e d  e f f e c t i v e  c y l i n d e r  

l eng th .  The ques t ionab le  d a t a  t r e n d s  a r e  t h o s e  t h a t  show a d i f f e r e n t  s i g n  f o r  

t h e  xose mount s t i n g  (ANM and MNM) ( s e e  Figl lre  3-1, a = 100 LO 120 dekrees ) .  

This  t r e n d  i s  believed t o  i d e n t i f y  a d i f f e r e n c e  i n  muLual s t i n g  i n t e r f e r e n c e  

due t o  t h e  inu l t i p i e  s t i n g s .  Th i s  t r e n d  occurred  a t  Mach 0.6,  0.8, and 0.9 a t  

9 = LJ degrees .  The mutuai ' n t e r f e rence  is  e v i d e n t  i n  t h e  p i t c h i n g  moment s t i n g  

i n t e r f e r e n c e  d i s c u r - e d  below. F i g u r e s  3-1 through 3-5 show t h a t  g e n e r a l l y  t h e  

nose mount s t i n g  has  t h e  s m a l l e s t  normal f o r c e  i n t e r f e r e n c e ,  e s p e c i a l l y  a t  t h e  

h igher  ang le s  o f  a t t a c k .  

The p i t c h i n g  moneiir s t i ~ g  i n t e r f e r e n c e  is p resen ted  i n  F i g u r e s  3-6 through 

3-10 f o r  s e l e c t e d  Mach numbers and r o l l  a n g l e s .  The f i g u r e s  show t h a t  t h e  

Marshal l  s i d e  mount s t i n g  c o n f i g u r a t i o n  deve lops  t h e  smallest moment i n t e r f e r e n c e  

about  t h e  r e f e r e n c e  p o s j t i o n  of 59 p e r c e n t  of  t h e  body l eng th .  The s i d e  mocnt 

s t i n g  moment i n t e r f e r e n c e  g e n e r a l l y  increase:: w t t b  ang le  of  a t t a c k  and can I 
i 

become ve ry  l a r g e  a t  a n g l e s  of a t t a c k  n e a r  140 dag rees .  The nose  mount s t i n g  

i n t e r f e r e n c e  is  g e n e r a l l y  l a r g e s t  a t  a n g l e s  of  a t t a c k  nea r  100 d e g r e e s  and 

dec reases  wi th  ang le  of a t t a c k .  . I 
t 

The v a r i a t i o n  of t h e  norma: f o r c z  and p i t c h i n g  moment s t i n g  i n t r r f e r e n c e  

w i t h  Kach number i s  presented  i n  F i g u r e s  3-11 through 3-16. F i g u r e s  3-11 and 

3-12 show t h a t  t h e  i n t e r f e r e n c e  from t h e  nose  mount s t i n g  i s  smaller excep t  
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a t  Mach 1.46 a t  an angle  of a t t a c k  of 110 degrees. Figure 3-12 shows t h a t  the  

s t i n g  in te r fe rence  i s  small  f o r  the  nose mount s t i n g  over a wide Mach number 

range. Figure 3-13 shows t h a t  the  s i d e  mount s t i n g  c r ea t e s  a 6% e r r o r  i n  t he  

SRB normal force coe f f i c i en t  over a wide range of Mach numbers while  t he  nose 

mount s t i n g  only has an e r r o r  of 2 percent o r  1.ess. 

The cen te r  of pressure of the  s t i n g  in te r fe rence  i s  presented i n  Figure 

3-14. The center  of pressure 02 the  nose mount stixlg in te r fe rence  is noted 

t o  be located near the  forward cy l inder  nose junction. The cen te r  of  

pressure of t he  s ide  mount s t i n g  ( located a t  X /L of .39) is a f t  of t h e  s t i n g  
b 

locat ion,  but i n  general  forward of the  moment reference p0ir.t (X / L b  - .59) .  

Thus the s ide  and nose mount s t i n g s  w i l l  s h i f t  t he  SRB X / L  a f t  due t o  t h e  
CP b 

s t i n g  in te r fe rence  redacing the a i r l oad  forward of the  MRP. 

The pi tching moment s t i n g  in te r fe rence  i s  presented i n  Figures 3-15 and 

3-16 versv~s Mach number. The f i gu re s  show t h a t  t he  s i d e  mount s t i n g  produces 

the  lower pi tching moment in te r fe rence  a t  angles  of a t t a c k  near 110 degrees 

while Figure 3-16 shows tha t  the  nose mount s t i n g  produces t he  lowest p i tch ing  

moment in te r fe rence  a t  angles  of a t t a c k  near 130 degrees. 

Corrected normal force and pi tching moment coe f f i c i en t  d a t a  a r e  presented 

i n  Figures 3-17 through 3-27. These f i gu re s  present, da ta  a t  Mach numbers where 

the  TWT r e s u l t s  would not be appreciably influenced by Reynolds number. The 

f i gu re s  present  t he  working p l o t s  used t o  develop SRB aero da ta  Tape #2. The 

f i gu re s  contain the SAllF da ta ,  the  SRB aero  da ta  Tape 81 da ta  and the  cor- 

rected da t a  band from TWT 660. 

The normal force  da ta  is presented i n  Figures 3-17 through 3-20. The 

f igures  show t h a t  the  1 W  660 corrected da ta  f a l l s  i n  a r e l a t i v e l y  narrow 

da ta  band which is  d i f f e r e n t  from the  SAllF rc:sults.  Figures 3-18 and 3-20 

show tha t  i f  the  WT 660 Ames s t i n g  in te r fe rence  is applied d i r e c t l y  t o  the  

SAllF da ta  t h a t  a u n r e a l i s t i c  curve shape r e s u l t s  compared t o  t he  corrected 

da ta  band. 
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The pi tching moment da t a  is  presented i n  Figures 3-21 through 3-27, These 

f igu res  show t h a t  the corrected da t a  follows the  Tape #l (TWT 640) r e s u l t s  

c lo se r  than the Tope 2 (SA11F) data.  This is t o  be expected s ince  the  s t i n g  

in te r fe rence  r e s u l t s  showed t h a t  the  MSFC s t i n g  had t h e  lower in te r fe rence  

than the  Ames s t i n g  configuration. The p i tch ing  moment comparison a t  Mach 1.1, 

1.2 and 1.4 a t  4 = 0 show t h a t  the  corrected da t a  approaches the  high angle 

of a t t a c k  nose mountet s t i n g  data.  The high angle of a t t a c k  t r i m  condi t ions 

indicated by the nose ~ o u n t e d  s t i n g  da t a  from the  TWT 640 and SAllF t e s t s  

were not used t o  develop the aerodynamic da t a  tapes.  The corrected s t i n g  

interference da t a  shows t h a t  t he  nose mount da t a  is  t h e  more cor rec t  da ta  and 

should have been used t o  develop the  two da t a  tapes.  This is confirmed by 

the p io t  of the magnitude of the s t i n g  in te r fe rence  da t a  (Figures 3-9 and 3-10) 

which show t h a t  a t  the  higher angles of a t t ack  the  nose mount s t i n g  p i tch ing  

moment i n t e r £  erencz i s  very small. 

The corrected a x i a l  force coe f f i c i en t  is presented i n  Figure 3-28 versus 

Mach number. The axial force coe f f i c i en t  from Tape #1 and Tape #2 a r e  pre- 

sented fo r  comparison. The f igu re  shows tha t  the  corrected a x i a l  coe f f i c i en t  

is  lower than the Tape !I1 or Tape 1 2  values over the  majority of the  Mach num- 

ber range. This trend was generally cons is ten t  over t he  angle of a t t ack  range 

as shown i n  Figures 3-29 and 3-30. This r e ~ u c t i o n  i n  a x i a l  force coe f f i c i en t  

may be due t o  the  models that  were used during the  TWT 660 t e s t  program. These 

models did not have the thermal sh i e ld  t h a t  was present  during the  SAllF test 

(see Figure 2-4). 

LATERAL DIRECT1 ONAL DATA RESULTS 

The s ide  force and yawing moment s t i n g  in te r fe rence  i s  presented i n  

Figures 3-31 and 3-32 versus Mach number. Figute 3-31 shows t h a t  the  s i d e  

force s t i n g  in te r fe rence  is small except f o r  the HRWT s t i n g  configuration. 

The HRWT s t i ng  in te r fe rence  is noted t o  be appro'rimately 100 percent of the  

corrected s ide  force i n  the  Mach 1.1 range. The s i d e  force s t i n g  in te r fe rence  

is reduced t o  about 17  percent a t  Mach 0.6. 
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The yawing moment s t i n g  i n t e r f e r e n c e  i s  presented i n  Figure  3-32. The 

f i g u r e  e.haws t h a t  t h e  yawing moment s t i n g  i n t e r f e r e n c e  i s  small except  f o r  

t h e  s i d e  mount s t i n g  conf igura t ions  at  Mach 0.6 and 0.8. It is  noted t h a t  

t h e  Ames s i d e  mount s t i n g  i n t e r f e r e n c e  is  t h e  l a r g e s t  i n  t h i s  Mach number 

range. 

The HRWT s t i n g  i n t e r f e r e n c e  is  l a r g e  over  t h e  t o t a l  Mach number range 

and approaches 100 percen t  of t h e  cor rec ted  va lue  of s i d e  f o r c e  a t  Mach 1.2. 

From Figure  3-32 it is ev iden t  t h a t  t h e  s i d e  mount c o n f i g u r a t i o n s  have sub- 

s t a n t i a l  yawing moment s t i n g  i n t e r f e r e n c e  a t  Mach 0.6 and 0.8 whi le  F igure  3-31 

shows l i t t l e  s i d e  f o r c e  i n t e r f e r e n c e  a t  these  Mach numbers. This  cond i t ion  

is an i n d i c a t i o n  of mutual s t i n g  i n t e r f e r e n c e  causing a r e d i s t r i b u t i o n  of t h e  

a i r l o a d  wi th  no s u b s t a n t i a l  change i n  l e v e l  of t h e  a i r l o a d .  
w- -. - . . . - 

The cor rec ted  TWT 660 s i d e  f o r c e  and yawing moment d a t a  have been over- 

layed over t h e  SAllF and t h e  SRB d a t a  Tape # 1  r e s u l t s .  The comparison d a t a  

a r e  presented i n  Figures  3-33 through 3-41. The f i g u r e s  show t h a t  t h e  cor-  

r ec ted  TWT 660 d a t a  f a l l  i n  a band t h a t  covers  both t h e  d a t a  Tape # l  r e s u l t s  

and t h e  SAllF d a t a .  Thus no obvious d a t a  improvement could be i d e n t i f i e d .  

The r o l l i n g  moment d a t a  would have t o  show a l a r g e  d i f f e r e n c e  t o  r e q u i r e  a 

change s i n c e  t h e  r o l l i n g  moment d a t a  f o r  Tape #2 used t h e  r e s u l t s  of TWT 596 

(SAZlF). Tes t  TWT 596 was a s p e c i a l  r o l l i n g  moment t e s t  t h a t  developed 

r o l l i n g  moment d a t a  a t  r o l l  ang le  a t  22 112 degree increments.  Th i s  t e s t  

allowed t h e  d e f i n i t i o n  of t h e  r o l l i n g  moment d a t a  ve rsus  r o ' l  ang le  and was 

used t o  i d e n t i f y  t h e  va lue  of t h e  i n t e g r a l  of t h e  r o l l i n g  m. . c o e f f i c i e n t  

over  a l l  r o l l  angles .  This  test showed t h a t  t h e  i n t e g r a l  should bx approxi-  

mately zero.  The math model f o r  SRB Tape #2 tias thus  ad jus ted  such t h a t  t h e  

i n t e g r a l  of t h e  r o l l i n g  moment c o e f f i c i e n t  was approximately zero when l i n e a r l y  

i n t e r p o l a t i n g  t h e  math model t h a t  def ined r o l l i n g  moment d a t a  a t  45 degree  

increments.  

The a n a l y s i s  of t h e  TWT 660 t e s t  r e s u l t s  a t  subsonic  Mach number g e n e r a l l y  

followed t h e  t r anson ic  t e s t  r e s u l t s .  The comparison of c o r r e c t e d  d a t a  t r e n d s  

at  subsonic Mach numbers requ i red  t h e  a d d i t i o n a l  cons idera t ion  of t h e  i n f l u e n c e  

of Reynolds number and thus  t h e  subsonic t r ends  a r e  discussed i n  Sec t ion  I V  

(HRUT Tes t  Resu l t )  and Sect ion V (S t ing  I n t e r f e r e n c e  Conclusions). 
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Sec t ion  I V  

HIGH REVNOIDS NUHBEi TEST RESULTS 

The HWJT 042 t e s t  program was a th ree  p a r t  program t h a t  consis ted of 

t e s t i n g  one configurat ion from t h e  TWT 660 test program, t e s t i n g  a bas i c  

cyl inder  t o  ve r i fy  bas ic  cyl inder  d a t a  t rends  and the  s t i n g  i n t e r f e r ence  . 

portion of t he  t e s t  program. The test program, models and s t i n g  configura- 

t i o n s  a r e  described i n  Section I1 (Wind Tunnel Test Programs). A l i s t i n g  

of the  da t a  from each phase of t he  test program is presented i n  Appendix B. 

The model configurat ion used f o r  t he  TWT 660 v e r i f i c a t i o n  phase was 

configurat ion ASSOOAIB. The model and s t i n g  configurat ion used f o r  t h e  

HRWT 042 test i s  presented in Figure 2-22. The test configurat ion used f o r  

this hardware during the TWT 660 test is  shown i n  Figure 2-15. The TWT s t i n g  

and SRB model hardware f o r  t h i s  configurat ion was t e s t ed  i n  t h e  High Reynolds 

Number Tunnel. 

Comparison p l o t s  of the  normal force  and p i t ch ing  moment coe f f i c i en t  f o r  

t he  Ames s t i n g  configurat ion a r e  presented i n  Figures 4-1 through 4-4. Figures 

4-1 and 4-2 show good agreement i n  the normal force  coe f f i c i en t  comparisons. 

The pi tching moment comparison a t  Mach 0.6, shown i n  Figure 4 - 3 ,  shows poor 

agreement with a negat ive s h i f t  i n  t he  p i tch ing  moment over most of t he  angle 

of a t t ack  range tes ted .  The p i tch ing  moment comparison a t  Mach 0.8 (Figure 

4-4) shows much c loser  agreement. The comparisons show t h a t  good agreement 

e x i s t  except for  the  pi tching moment coe f f i c i en t  a t  Mach 0.6. 

The cyl inder  test used a symnetric and asymmetric cy l inder  with a s i d e  

mount s t i n g  (see Figures 2-23 through 2-25). The cyl inder  t e s t  allowed a 

check with previously published high Reynolds number cyl inder  d a t a  and 

allowed the evaluat ion of bas i c  cyl inder  moment in te r fe rence  due t o  t h e  s t i ng .  

The cyl inder  test r e s u l t s  a r e  presented i n  Figures 4-5 through 4-8. The 

cyl inder  da t a  was converted t o  c ross  flow drag coe f f i c i en t  form f o r  comparieon 

with other  published cyl inder  da ta .  
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The cy l inder  crossf low drag c o e f f i c i e n t  d a t a  i s  presented i n  Figures  

4-5, 4-6, and 4-7. Figure  4-5 shows t h e  crossf low drag c o e f f i c i e n t  f o r  t h e  

symmetric and a s y m e t r i c  cy l inder  from t h e  t e s t  HRWT 042. These d a t a  a r e  com- 

pared wi th  t h e  2-D cy l inder  d a t a  from Reference 11 and t h e  3-D c y l i n d e r  d a t a  

from Reference 12. The f i g u r e  shows t h a t  t h e  HRWT d a t a  is lower than t h e  

Reference 11 d a t a  a t  t h e  higher  Reynolds numbers and h igher  a t  t h e  lower 

Reynolds numbers. I t  was a n t i c i p a t e d  t h a t  t h e  HRWT crossf low drag d a t a  would 

be lower than t h e  2-D d a t a  ~ i n c e  t h e  cy l inder  had a  f i n i t e  l eng th  wi th  a  f i n e -  

ness r a t i o  of 11.2 ( see  Fig .  2-23). The higher  Reynolds number d a t a  shows a  

reduct ion i n  crossf low drag c o e f f i c i e n t  of approximately 20 percen t  due t o  t h e  

f i n i t e  l eng th  c y l i n d e r .  This  compares favorably  wi th  t h e  genera l  d a t a  t r e n d s  

presented i n  Reference 12.  It is  noted t h a t  t h e  3-D c y l i n d e r  a a t a  from Refer- 

ence 1 2  i s  higher  than t h e  2-D c y l i n d e r  d a t a  from Reference 11 a t  a  Reynolds 
6 

number of 1 . 5  x 10 . The HRWT 042 cy l inder  d a t a  is  very c lose  t o  t h e  3-l3 
6 

cy l inder  d a t a  from Reference 12 a t  a  Reynolds number of 1 .5  x 10 . A t  a 

Reynolds number of 6 x  lo5 t h e  HRVT d a t a  is  h igher  than t h e  Reference 12 da ta .  

The crossf low drag c o e f f i c i e n t  da ta  i n  t h e  lower Reynolds number range of 
6 

13 a r e  higher than t h e  2-D r e s u l t s  from Reference 11. The reason f o r  t h i s  

type of r e s u l t  is unknown. It may be due t o  a  combination of model roughness 

md!or tunnel  turbulence.  Reference 1 3  shows t h a t  t h ~  crossf low drag c o e f f i -  

c i e n t  i n  the  Reynolds number range of lo6 can vary from 0.2 t o  0.4 depending 

on the  RMS cy l inder  roughness. 

The high crossf low drag t rend i n  t h e  Reynolds number range of lo6 has been 

s prcblem with  s e v e r a l  HRWT t e s t  programs. The HRWT t e s t  program was ad jus ted  

r.0 provide d a t a  a t  Mach 0 . 3  t o  avoid the  high Mach number g rad ien t  i n  c ross -  

tlow drag a t  Mach 0.4. This  high Mach number g r a d i e n t  is presented i n  Figure  

4-6. The f i g u r e  (from Reference 14) shows a  crossf low drag c o e f f i c i e n t  bucket 

between Mach 0.2 and 0.4 t h a t  i s  s t r o n g l y  inf luenced by Reynolds number. The 

HRWT da ta  a t  Mach 0 .3  and 0.4 a r e  shown f o r  comparison. Thus t h e  high HRWT 
6 

da ta  a t  Mach 0 . 3  i n  the  Reynolds number range of 1 .0  x 10 is n o t  due t o  a  

Mach number g rad ien t .  
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The r e r u l t a  of' the  HRWT cy l inder  tert conducted a t  Mach 0.4 a r e  prerented 

in Figure 4-7. The da ta  band of t h e  r e s u l t s  at Mach 0.3 a r e  a l r o  prerented I n  

t h e  f igure .  The t e a t  a t  Mach 0.4 war conducted t o  allow comparisons with t h e  

r e s u l t 8  from Reference 11 and t o  evaluate  the  unusual peak i n  t he  da ta  a t  a 
6 

Reynold8 aumber of 7.5 x 10 . The HRWT r e s u l t s  a r e  noted t o  have a d i f f e r e n t  

trend i n  t h i s  Reynolds number range. The r e s u l t s  from tert HRWT 034 a r e  noted 

t o  be considerably higher than the  cur ren t  HRWT r e s u l t s .  Test  HRWT 034 war a 

high Reynolds number test of a clean (no protuberances) SRB model, The results 

presented in Figure 4-7 show t t a t  t h e  cur ren t  test r e s u l t s  (HRWT 042) compare 

more favorably with o ther  publirhed expe r i e tn t a l  da t a  trend?. 

Comparison of t he  cen t e r  of pressure from t he  e y m e t r i c  m d  a s y r c t r i c  

cyl inder  i a  presented i n  Figure 4-8. No s i g n i f i c a n t  trend in t h e  cen t e r  of 

pressure s h i f t  could be i den t i f i ed  with the  asymmetric cy l inder .  The 

symmetric cyl inder  i t s e l f  has a c e n u r  of pressure t h a t  is genera l ly  withir, 

one percent of t he  cen te r  of t he  cyl inder .  The asymmetric cy l inder  ~ m m r  of 

pressure was expected t o  s h i f t  t o  t he  oppoeite s i d e  of t he  s t i n g  but no con- 

s i s t a n t  trend could be i den t i f i ed .  

The High Reynolds Number s t i n g  in te r fe rence  por t ion  of t he  tert program 

war an evaluat ion of t he  e t i n g  configurat ions ured d u r i a ~  test HRUT 039. Test  

039 provided the  high Reynolds number d a t a  base f o r  t h e  developmant of SRE 

data  Tape #2. The SRB model configurat ion ured f o r  t he  test is preeented in 

Figure 2-26. The s i n g l e  and dual  s t i n g  configuration8 ueed are presented i n  

Figurer 2-27 through 2-34. The s i n g l e  s t i n g  conf igura t ions  ured are the  

r i d e  mount r t i n g  (HSSOOAIB) rhawn in Figures 2-27 and 2-28 and t h e  nose mount 

s t i n g  (HOONSAIB) rhovn i n  Figurer 2-29 and 2-30. The dual  r t i n g  c m f i g u r a t i a a r  

include the  r i d e  mount with d-y nose mount (HSSNDAIB) shown i n  Figurer 2-31 

and 2-32 and the  nose mount with the  dummy a ide  Prount (HSDNSA/B) ehoun i n  

Figures 2-33 and 2-34. The eqru t ions  ured t o  determine the  r t i n g  in te r fe rence  

a r e  prerented i n  Section I1 (Wind Tunnel Test Program).  The HRUT 042 t e a t  

plan (Ref. 2) i den t i f i ed  an "A" alpha range and a "B" a lpha range test program. 

Scheduling problem created a c o n f l i c t  with the  da ta  ana lys i r ,  h o m e r ,  and 

only l b r i t e d  da ta  vrs obtained fo r  t h e  "B" a lpha range. 
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The normal force  and pi tching moment s t i n g  in te r fe rence  is prerented i n  

Figures 4-9 t l l r o ~ g h  4- -0 i ~ g u r e s  4-9 chrough 4-14 show t h a t  t he  s t i n g  normal 

force  in te r fe rence  is not  a s t rong f u n c t i m  of Reynolds number, Mach number o r  

r o l l  angle. The s i d e  mount s t i n g  in te r fe rence  is considerably l a r g e r  than the  

h e 8  o r  MSFC s i d e  mount s t i n g  in te r fe rence .  Compare Figures 4-11 and 4-12 

with Figures 3-1 and 3-2. De ta i l  comparisons of the  s t i n g  in te r fe rence  from 

both test programs a r e  presented i n  Section V (St ing In te r fe rence  Conclrrrions). 

The pi tching moment s t i n g  in te r fe rence  is presented i n  Figures 4-15 

through 4-20. It is noted t h a t  t h e  p i tch ing  moment s t i n g  in te r fe rence  Is 

la rge  and of opposite s ign  f o r  the  s ide  mount c m f i g u r e t i o n  than t h e  TWT 660 

data .  Compare Figure 4-17 with Figure 3-6. The p i tch ing  moment s t i n g  i n t e r -  

ference a l s o  appears t a  be a function of r o l l  angle. 

Data p l o t s  used t o  develop the  s t i n g  in te r fe rence  da t a  a r e  presented i n  

Figurea 4-21 through 4-28 fo r  Mach 0.4, Figures 4-29 through 4-36 f o r  Mach 0.6, 

and r'igures 4-37 through 4-44 fo r  Mach 0.8. Data f o r  th ree  Reynolds n m b e r r  

a r e  presented i n  each f igure.  This  provided a method of iden t i fy ing  quest ionable  

data.  Alao superimposed on each da t a  p lo t  a r e  t he  values of the  coe f f i c i en t  

from SRB data  tape X 1  and 12. This  provides a genera l  comparison f o r  t he  

corrected da ta  with both cur ren t  da ta  tapes. 

The normal force  da ta  f o r  Mach 0.4 presented i n  Figures 4-21 through 4-24 

ahow the  general da ta  t rends f o r  each Mach nurber. The nose mount s t i n g  

developed the  l a rges t  normal force coe f f i c i en t  a s  shown i n  Figure 4-21. The 

addi t ion  of the  dtrmmy s i d e  mount s t i n g  reduced the  normal force load by unloading 

the  model a t  the  s t i n g  loca t ion  (compare HOONSA with HSDNSA). Thur the  s i d e  

mounted duamy s t i n g  c r ea t e s  a negat ive normal force  in te r fe rence  t h a t  must be 

added back t o  the s i d e  mount s t i n g  da ta  (HSSOOA). The cor rec t ion  f o r  s t i n g  

in te r fe rence  thus increases  the  s i d e  mount d a t a  l e v e l  a s  shown i n  the  f igure .  

It is noted i n  the  f i gu re  t h a t  the s i d e  mount da ta  (HSSOOA) a t  t he  low Reynolds 

nlrmber does not develop a represen ta t ive  curve versus  anglo of a t t ack .  This 

trend is conr i s tan t  fo r  t h e  majori ty  of t h e  d a t a  and is believed due t o  t he  
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r e l a t i v e l y  low loads developed on the  model compared LO the high loading 

environment a t  the high Reynolds number flow condition. The nose mount da t a  

presented i n  Figure 4-22 shove a problem with the  a ide  mount con.figaration 

(HSDNSA). It i e  noted i n  Figure 4-21 t h a t  configurat ion HSDNSA develops a 

l a rge r  normal force coe f f i c i en t  than configurat ion HSSNDA. This l a rge  a d i f -  

ference i n  da t a  did not occur during the TWT 660 t e a t  program. T' .s di f fe rence  

developed a s ign i f i can t  d i f fe rence  i n  s i d e  mount and nose mount corrected data .  

Sununary p l o t s  of the corrected normal force  and p i tch ing  moment da t a  a r e  

presented i n  Figures 4-43 through 4-56. The Tape #l and Tape #2 values a r e  

a l so  presented f o r  reference along with the  da t a  band of the  TWT 660 corrected 

data  a t  ce r t a in  Mach numbers. The f igures  show t h a t  5hr.e is a F - ~ b s t a n t i a l  

difference i n  l e v e l  between the corrected BRUT nose mount dnd s i d e  mount data .  

The difference i n  da ta  between configuration HSSNDA and HSDNSA is the major 

cause of t h i s  difference i n  corrected data.  It i a  not  known which data  is  the  

more cor rec t .  The average of the corrected HRWT d-<a may be representa t ive  of 

the corrected trend. Using the average HRWT data  t r euJ s  i t  l a  evident ~ r o m  

the f igures  t ha t  the corrected normal force da ta  is close t o  data  Tape 42 wkile 

the pi tching moment da ta  f a l l 8  between Tape #l and Tape 112 values.  

Figures 4-47 through 4-50 show t h a t  the corrected TWT 660 data is  c lose  

t o  the  HRWT corrected data  fo r  zero r o l l  angles.  This trend is not  surpr i s ing  

s ince  the e l e c t r i c a l  conduit is a t  a c r i t i c a l  pos i t ion  t o  influence the chylinder 

flow f i e l d  Reynolds number trends a t  zero r o l l  angle.  The TWT 660 corrected 

da ta  is noted t o  be higher than the HRWT data  a t  a r o l l  angle of 90 degrees 

(see Figure 4-48). Figure 4-48 i nd i ca t e s  a Reynolds number influence a t  Mach 

0 . 6 .  The corrected data  a t  Mach 0.8 presented i n  Figure 5-50 shtiws t h a t  most 

of the da ta  is higher than the da ta  a t  zero r o l l  angle presented i n  Figure 

4-49.  This trend occurred i n  the angle of a t t ack  range of 110 t o  120 degrees. 

The TWT 660 data trend i n  t h i s  angle of a t t ack  range shows a la rge  hump in  the 

curve tha t  matslhes the HRW data.  This data  trend seemed unreasonable and has 

been ignored. 
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Comparison of the corrected pitching moment data presented in Figures 4-53 

through 4-56 shows that the TWT 660 corrected data is significantly displaced 

from the HRWT cxrected data. The limited amount of HKWT corrected data in 

the B alpha (120 < a < 140) range presented in Figure 4-53 shows that the data 

trend versus angle of attack may follow the TWT trend resulting in a pitcbing 

moment coefficient data that is outside the range of both the Tape #l and Tzp* 

12  data base. Insufficient data was available to confirm this trend however. - I 

The analysis of the corrected HRWT 042 and the corrected TWT 660 data 

showed the influence of Reynolds number on the corrected data trends. Specific 

quantitative estimates of the data trends with Reynolds numbers are difficult 

to assess due to the large HRWT data band considering the nose mount and side 

mouxt data. This large data band prevented any quantitatlve excrlpolation of 

data bands to full scale Reynolds numbers. 

. - 

LATERAL DIRECT1 ONAL DATA 

The HR'XT 042 nose mount and side mount lateral-directional data are 

presented in Figures 4-57 through 4-68. The data for the single sting con- 

figuration, dual s ing configurations, and the corrected data are presented 

i- each figure. The side force coefficient is presented trl Figures 4-57 

rhr~ugh 4-62. These figures show that at zero roll mgle, where the side 

force is maximum, the side force sting interference is positive for the side 

mount sting and reduces the magnitude of the negative side force. It was 

expectp3 that the nose mount lateral directional sting interference would be 

small, similar to the TWT 660 datc trend, but Figure 4-57 shows a large side 

farce sting interference for the csse mount sting. This nay be due to a 

mutual sting interference proSlem that is due to a difference in data charac- 

teristics fqr sting configurati-n HSSNDA and HSDBSA. These two sting con- 

ficurations are shown in Fip r+es 2-31 and 2-33. It is noted in these figures 

that both configurations are du.1 sting arrangements. Configuration HSSNDA 

(Figure 2-31) has an active side mount with a dummy -lose mount and cenfigura- 

tion HSDNSA has an active nose mount with a dummy side mount. Figures 4-57 
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and 4-63 show t h a t  t h e r e  i s  a s u b s t a n t i a l  d i f f e r e n c e  i n  d a t a  l e v e l  f o r  t h e s e  

two conf igura t ions .  The reason f o r  t h i s  d i f f e r e n c e  i s  unknown. Th is  d i f i e r -  

ence i n  d a t a  l e v e l  caused concern a s  t o  which d a t a  was t h e  more a c c u r a t e  s i n c e  

t h e r e  was a d i f f e r e n c e  i n  level of t h e  cor rec ted  d a t a  f o r  a l a r g e  p o r t i o n  of 

t h e  d a t a  base.  

The l a t e r a l  d i r e c t i o n a l  svbsonic cor rec ted  d a t a  frem bo th  tests were 

overlayed wi th  t h e  Tape /I1 and SAllF (Tape #2) results t o  e v a l u a t e  what change, 

i f  any,  w a s  required t o  d a t a  Tape W2. These r e s u l t s  a r e  presented i n  Figures  

4-69 through 4-76. Appropriate test r e s u l t s  a r e  overlayed where a v a i l a b l e .  

The d a t a  a r e  presented f o r  t h e  r o l l  eng le  where t h e  c o e f f i c i e n t  2s  a maximum. 

The a i 4 e  f o r c e  and yawing moment is thus  presenteA a t  a r o l l  ang le  Q = 0 

degrees.  

The s i d e  f o r c e  coem'ficient comparisons a r e  presented i n  Figures  4-69 

through 4-72. Figure  4-69 shows t h e  s i d e  f o r c e  comparison a t  Mach G.4. The 

f i g u r e  shows t h a t  t h e  major i ty  of t h e  cor rec ted  high Reynolds number d a t a  

fol lows t h e  HRWT 039 t e ; t  d a t a  t r ends .  The s i d e  f o r c e  c o e f f i c i e n t  a t  Mach 0 .6  

and 0.8 is  presented i n  Figures  4-70 and 4-71 r e s p e c t i v e l y .  These f i g u r e s  

show t h a t  t h e  cor rec ted  TWT 660 d a t a  fol lows t h e  TWT 640 d a t a  t r e n d s  and t n e  

HRWT cor rec ted  d a t a  b racke t s  t h e  HRWT G39 da ta .  The s i d e  fo rce  c o e f f i c i e n t  

a t  an angle  of a t t a c k  O F  110 degrees  i s  presented versus  Mach number i n  

Figure  4-72. The f i g u r e  shows t n a t  t h e  cor rec ted  HRWT 042 d a t a  fol lows t h e  

d a t a  Tape /I;' da ta  trend; and t h e  TWT 660 cor rec ted  d a t a  a t  t h e  h igher  Mach 

number i s  c l o s e  t o  t h e  Tape #2 da ta .  

The yawing moment comparisons a r e  presented i n  Figures  4-73 through 4-76. 

The comparison a t  Mach 0.4 is presented i n  Figure  4-73. The f i g u r e  shows 

t h a t  t h e  cor rec ted  HRWT 042 d a t a  covers  t h e  HRW 039 d a t a  t r ends .  The HRWT 

042 d a t a  does not  have t h e  same s l o p e  a s  t h e  SAllF o r  t h e  039 d a t a .  Data 

comparisons a t  Mach 0.6 and 0.8 a r e  presen: An Figures  4-74 and 4-75. The 

f i g u r e s  show t h a t  t h e  cor rec ted  TWT 660 d a t a  band fol lows t h e  Tape #1 d a t a  

t r e n d s  whi le  t h e  major i ty  of t h e  HRWT 042 d a t a  follows t h e  HRWT 039 a d  SAllF 

d a t a  t r ends .  It i s  noted t h a t  a t  Mach 0.8 t h e  nose mount corrected HRWT 042 
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d a t a  has  a d i f f e r e n t  s i g n  than t h e  c o r r e c t e d  s i d e  mount d a t a .  The SAllF d a t a  

a l s o  has  a d i f f e r e n t  s i g n  compared t o  t h e  TWT 640 and Tape #1 r e s u l t s .  

A comparison o f  t h e  yawing moment a t  a = 110 degrees i s  presented v e r s u s  

Mach number i n  Figure 4-76. 'Ihc f i g u r e  shows t h a t  t h e  cor rec ted  TWT 660 d a t a  

is considerably  d i f f e r e n t  from t h e  Tape #1 r e s u l t  a t  Mach 0.6. This is  due 

t o  t h e  l a r g e  s t i n g  i n t e r f e r e n c e  a t  Mach 0.6 i d e n t ~ f i e d  i n  F igure  3-39. The 

HRWT 042 t e s t  r e s u l t s  genera l ly  confirm t h e  SAllF and Tape #2 t rends .  The 

Tape $2 yawing moment c o e f f i c i e n t  a t  Mach 0.6 and 0.5 probably has  t h e  wrong 

s i g n  in t h e  ang le  of a t t a c k  range of 110 degrees.  
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Figure 4-9. Normal Force Sting Interference, HRWT, M_ = 0.4, Q = 0' 
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Figure 4-10. Normal Force S t i n g  Interference, HRWT, Mo = 0.4, (I = QOO 
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Figure 4-12. Normal Force Sting Interference, HRWT, Ma = 0 . 6 ,  41 = 90' 
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Figure 4-13. Normal Force S t i n g  Interference, HRWT, Ma = 0.8, 4 = 0" 
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Figure 4-14. Normal Force Sting Interference, HRWT, Moo = 0.8, 6 = 90' 
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Figure 4 - 1 7 .  Pitching Moment Interference, HRWT, Mm = 0.6, $ = 0' 
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Figure 4-18. Pitching Moment Interference, HRWT, 1% = 0.6, 4 = 90' 
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Figure 4-19. Pitching Moment Interference, HRWT, Mm = 0.8, $ = 0' 
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Figure 4-20. P i t c h i q  Moment Interference, HRWT, Mm = 0.8, 4 = 90' 
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Figure 4-21. Normal Force Data, HRWT Side Mount, Mm = 0 . 4 ,  @ = 0' 
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Normal Force Data, HRm Side Mount, M m =  0 . 4 ,  4 = 90' 
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Figure 4-27. Pi tching Moment Data, HRkT Nose Mount, ?Io = 0 . 4 ,  + - 0. 
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Figure 4-28. Pi tch ing  Moment Data, HRWT Nase Maunt, Mn = 0.4, 9 = 99' 
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Figure 4-29. Normal Force Data, HRYT Slde Mount, Urn = 0.6, 4 = 0. 
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Figure 4-31. Normal Force Data, 3RWT Nose Mount, Mm = 0 . 6 ,  4 - 0' 
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Figure 4-32 .  Normal Force Data, HRWT Nose Mount, Mp) - 0 . 6 ,  (b = 90. 
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Figure 4-34. Pitching Moment Data, HRWT Side Mount, Mm = 0.6, 4 = 90' 



SYMBOL STING 

fh HSSOOA 
0 HSSNDA 

a HOONSA 

X CCRECTED DATA 

REYNOLDS NUMBE i 

1.5 x 10 6 

- -- - 5.5 x 10 6 

-- - 9.5 x 10 6 

4 a- --- - . 1 -- b - - -  - 1  - t .  - 
/ / f / 2' 

K /:' 

a Figure 4-35. Pitching Moment Data. HRYl Nome Mount. M_ = 0 . 6 ,  @ = 0. 
4-43, 



STING 

HSSOOA 

MSSNDA 

HOON SA 

CORECTED DATA 

REYNOLDS NUMUEK -. 

1.5 x 10 6 

6 5.5 x 10 

9.5 x 10 6 

Figure 4-36.  Pitching Moment Data, HRWT Nose Mount, M- = 0 . 6 ,  4 = 90. 
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Figure 4-39.  Normal Force Data, HRWI Noee Mount, M- - 0.8, 4 = 0' 

4-4 7 



SYMBOL STING 

HSSOOA 

HSSNDA 

HOON S A  

CORECTED DATA - 
REYNOLDS NUEIUERi 

6 1.5 x 10 /t 
6 5.5 x 10 1 %  
6 I .  

9.5 x 10 1 1 ,  : 
I 
1 .  

Figure 4-40. Normal Force Data, HRWT Nose Mount, Mm = 0.8, (I = 90. 
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Figure 4-41. Pitching Moment Data, HRWT S i d e  Mount, Mg --0.8, 6 = 0' . 
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Figure 4 - 4 4 .  P i t c h i n g  Moment Data, HRWT Nose Mount, Mr = 0.8, $ = 90* 
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Figure 4-45. Summary Corrected Normal Force Data, HRWT, Mm = 0.4, 4 = O 0  
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Figure 4 - 4 6 .  Summary Corrected Normal Force Data, HRWT, Moo = 0 . 4 ,  0 = 90" 
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Figure 4 4 7 .  Summary Corrected Hormal Force Data, HRWT, Mm = 0.6, 4 = 0' 
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Figure 4-48. Summary Corrected Normal. Force Data, HRKT, MoD = 0.6, 4 = 90' 
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Figure 4-54. Summary Corrected Pitching Noment Data, HRWT, Mm = 0 . 6 ,  4 = 90' . 
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Figure 4-55. Summery Corrected Pitching Moment Data, HRW, Mm = 0 . 8 ,  I$ = 0' 
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Figure 4-56. Summery Corrected Pitching Moment Data, HRWT, Mm 0.8, 41 = 90" 
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Figure 4-58. Side Force Data, HRWT Mm = 0 . 4 ,  A = 90 
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Figure 4-60.  S i d e  Force Data, HRWT Mm = 0.6, 4 = 90 
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Figure 4-62. S'de ce Data, HRWT Ma = 0.8, 9 = 90 
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Figure 4-63. Yawing Moment Data, HRUT, HaD = 0 . 4 ,  4 = 0 
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Figure 4-65.  Yawing Moment Data, HRWT, FcJ = 0.6, 4 = 0 
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Section V 

STING INTERFERENCE CONCLUSIONS 

The s t i n g  in te r fe rence  from the  High Reynolds nvmber t e s t  s t i n g  configura- 

t i on  w a s  a l s o  determined i n  the  TWT 660 t e s t .  Thif, allowed an evaluat ion of 

the s t i n g  in te r fe rence  versus 

from t h i s  s t i n g  configuration 

5-1 through 5-3. The f igures  

function of Reynolds n d e r .  

configurations is  noted t o  be 

Reynolds number. P l o t s  of t h e  t%ing in te r fe rencc  

versus Reynolds n d e r  a r e  presented i n  Figures 

show t h a t  the  s t i n g  in te r fe rence  is  not  a s t rong 

The s t i n g  in te r fe rence  from the  17JT 660 s t i n g  

d i f f e r e n t  from the  HRWT s t i n g  interference.  The 

normal f o ~ c e  s t i n g  in te r fe rencc  is  general ly  l e s s  and the  p i tch ing  moment s t i n g  

interference has a d i f f e r e n t  s ign  a t  Mach 0.6 and is smaller a t  Mach 0.8. The 

change i n  s ign of the moment in te r fe rence  i s  due t o  the  s t i n g s  being located 

on d i f f e ren t  s ides  of the MRP. The MSFC and Ames s i d e  mounted s t i n g s  a r e  

located forward of the MRP a t  39 percent of t he  length (see Figures 2-6 and 

2-14). The BRUT s ide  mounted s t i n g  was located a f t  of t he  MRP a t  68 percent 

of the body length. The MRP is  a t  59 percent of t he  body length.  

The 'IWT 660 s t i n g  configurat ions a r e  located forward of t h e  MRP and thus 

the a t h g s  hsve a negative moment in te r fe rence  which moves the  SRB X a f t .  
CP 

The high Regnolds n u d e r  t e s t  sting configurat ion is located a f t  of the  MRP 

and thus t l ~ a  s t i n g  in te r fe rence  has a p o s i t i .  e value and moves the  SRB X 
c P 

forward. Comparison of the uncorrected center  of pressure versus Reynolds 

number thus have s h i f t s  i n  the da t a  a s  shown i n  Figure 5-4. The s h i f t  i n  

the X da ta  versus Reynolds number is removed when both s e t s  of da t a  a t e  
CP 

corrected f o r  s t i n g  in te r fe rence  a s  shown i n  the f igure.  The X obtained 
CP 

with the forward s t i n g  configurat ion s h i f t s  a f t  and the Xcp obtained with 

the a f t  s t i n g  configuration s h i f t s  forward. 

The re la t ionship  between the  s i z e  of the  various s t i n g  configurat ions and 

the l e v e l  of s t i n g  in te r fe rence  is  shown i n  Figure 5-5. Figure 5-5 shows t h a t  

the  l e v e l  of e t ing  in te r fe rence  is  r e l a t ed  t o  t he  s i z e  of the s t i n g  t o  t he  

s i z e  of the cyl inder .  The f igu re  shows tha t  the Marshall s t i n g  has the l m e s t  

r a t i o  of s t i n g  a rea  t o  cyl inder  a r ea  and thus has the  emellest  s t i n g  in te r fe rence .  
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The Ames sting configuration with an area 15 percent larger produce larger 

values of sting interference. The high Reynolds number type sting produced 

large value of sting interference for the majority of the test Mach numbers. 

The following general conclusions are developed from the analysis c the 

sting interference data. 

1. All side mounted stings reduced the airload on the SRB. 

2. The airload reduction is proportional to the relative size of the 
sting and model. 

3. The side mounted sting created less sting moment interference for 
angles of attack from 100 to 120 degrees. 

4. The nose mounted sting created lesu sting moment interference for 
angles of attack greater than 120 degrees. 

The analysis of the corrected data base from both the TWT 660 and HiPWT 

wind tunnel tests was conducted to evaluate what changes were required to the 

existing SRB reentry aerodynamic data. The analysis of the TWT 660 results 

(Section 111) at Mach 1.1, 1.2 and 1.46 identified major dif ferences in the 

normal force and pitching moment characteristics that were significantly 

different Zrom Tape #l and Tape #2 characteristics. The corrected axial force 

characteristics were not appreciably changed. The lateral-directional charac- 

teristics were also not significantly influenced. The analysis of the high 

Reynolds number data (Section4) identified corrected pitching moment data 

trends at Mach numbers of 0.4, 0.6, and 0.8 that were also different from either 

SRB data rhpes. The lateral-directional characteristics at these Mach numbers 

were not su3iciently defined as being different from the Tape 82 values to 

warrant changos. The corrected TWT 660 longitudinal data at Mach 0.9 was 

compared to tht data Tope #2 results using the 039 Reynolds nmker trends. 

This comparison is presented in Figures 5-6 through 5-11. Theee figurea show 

that the Tape #2 data adequately represent the corrected data considering the 

influence of Reynolds number. Thus the normal force coefficient required 

changing at Mach 1.1, 1.2, and 1.46 and the pitching moment coefficient required 

changing at essentially all Mach numbers covered by the test program except 

Msch 0.9. 
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S e c t i o n  V I  

SRB AERODYNAMIC PATH MODEL 

A new math model of t h e  r i g h t  SRB r e e n t r y  aerodynamic c h a r a c t e r i s t i c s  

was developed. The new math model i s  based on t h e  r e s u l t s  from t h e  test TWT 

660 and HRWT test 042. The math model was developed by eva lua t ing  t h e  d l f f e r -  

ences between t h e  d a t a  from both  tests cor rec ted  f o r  s t i n g  i n t e r f e r e n c e  and 

t h e  math model known a s  DATA TAPE 112. There a r e  c u r r e n t l y  two b a s i c  SRB r e e n t r y  

aerodynamic d a t a  t apes .  The wiad tunnel  t e s t  programs used t o  develop each 

t ape  i s  shown i n  Table 2 - 2 .  Da2a Tape # 2  has a m c h  improved l a t e r a l  d i r e c -  

t i o n a l  math model. S+.nce t h e  sting i n t e r f e r e n c e  t e s t s  showed l i t t l e  i f  any 

change i n  t h e  l a t e r i a l  d i r e c t i o n a l  d a t a  Tape 2 was csed a s  t h e  b a s i s  f o r  modi- 

f i c a t i c n .  The primary emphasis i n  modif icat ion co-lcentrated on t h e  normal 

fo rce  and p i t c h i n g  mommil coef f j . c i en t s .  Thew two c o e f f i c i e n t s  had t h e  l a r g e s t  

changes due ro s t i n g  i n t e r f e r e n c e .  Two techniques  were used t o  develop t h e  

new math model, t r anson ic  d a t a  t h a t  h a s  l i t t l e  Keynolds number in f luence  was 

nod i f i ed  using t h e  TWT 66C d a t o  c o r ~ e c t e d  f o r  s t i n g  i n t e r f e r e n c e .  The subsonic 

d a t a  t h a t  i s  influenced b y  Reynolds number was modified us ing  a procedure t h a t  

incorporated s t i n g  i n t e r f e r e n c e  cor rec ted  d a t a  from both t e s t  programs (TWT 

660 and HRWT 042). Both procet!ures a r e  descr ibed below. 

TRANSONIC DATA MODIFICATION ( M  ilr = 1-19 I .?* 1-40) 

The d a t a  c o r r e c t i o n  required t o  d a t a  Tape i t 2  a t  Mach number of 1.1, 1 .2 ,  

and 1 .46  were developed by comparl.lg p l o t s  of the  d a t a  Tape #2 c o e f f i c i e n t  wi th  

t h e  cor rec ted  d a t a  f r o a  T k l  660 and d a t a  Tape # I .  An example of t h i s  compari- 

son is presented fn  Figures  3-17 and 3-27 .  The f i g u r e s  show t h a t  t h e  band of 

cor rec ted  d a t a  i s  s u f f i c i e n t l y  removed f rom the  TAPE 2 d a t a  (SA11F) t o  r e q u i r e  

modif icat ion.  Several  techniques  were evaluated i n  modifying t h e  da ta .  The 

i n i t i a l  technique c o n s i s t e d  of applying the  Ames c o r r e c t i o n  t o  t h e  SAllF da ta .  

This  technique produced t h e  curves  shown i n  Figures  3-18 and 3-20. The resu l -  

t a n t  curves  required ex tens ive  f a i r i n g  t o  smooth. This i s  probably due t o  t h e  

d i f f e r e n c e s  between t h e  Ames d a t a  and the  d a t a  obta ined i n  t h e  14-inch tunnel  

wi th  t h e  Ames s t i n g  conf igura t ion .  These f i g u r e s  show t h a t  t h e  b a s i c  d a t a  is 
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different and thue the sting interference from the stings are different, which 

causes data fairing problems when using the 'IWT 660 Ames configuration sting 

interference data to correct the SAllF data. Comparison of the two sets of 

data indicate the SAllF Ames sting configuration has larger sting interference 

than the TWT 660 Ames sting configuration. This may be due to the added bulk 

hardware at the knuckle joint of the SAllF test (see Figures 2-14 and 2-38). 

This hardware was not simulated in the TWT 660 test. The increase in normal 

force from the TWT 660 test indicates a reduction in sting interference. An 

additional indication of the extent of the sting interference in the SAllF 

test is the shape of the normal force curve. The dips in the curve indicate 

a substantial amount of sting interference that varies significantly with angle 

of attack. An indication of the potential variation of the sting interference 

from the hies type of sting confipurntion is evidellc in Figures 3-4. It if= 

noted in the figure that the sting ii~terfcrrncr of the Ames sting configuration 

varies by a factor of over 2.0 over the angle of attack range investigated. 

The procedure that was used was to smooth the average of all 4 sets of 

corrected sting interference data and then fair the new curve into the Tape 2 

data over the angle of attack range from 70 to 180 degrees. The extent of the 

fa!ring generally required less than this range of angle of attack. This type 

of fairing was used because the band of correcteu nta from the four sting 

configurations was generally small compared to the difference between the 

Tape # 2  data and the corrected data .  An additional problem was that thc ccr- 

rected data did not form a smooth curve, indicating that all the sting inter- 

ference had not been removed or that mutual sting iaterference existed at 

certain attitudes. This is evident by the data presented in Figure 3-35. 

SUBSONIC DATA MODIFICATION 

The aerodynamic data on SRB data Tape #2  for h c h  numbers of 0.4, 0.5, 

0.6, 0.7, 0.8, and 0.9 were evaluated for potential changes due to the sting 

interfere~ce data base. Potential sting interference corrections were available 

from the 1WT 660 teat program at Mach numbers of 0.6 and 0.8. Potential sting 

interference corrections from the HRWT 042 test progralr at Mach 0.4, 0.6, and 

0.8 were available. These data were assembled and compared with test data 
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from TWT test 640, SAllF, and HRWT 039 t o  e v a l u a t e  s p e c i f i c  Mach and Reynolds 

number t r ends .  Sec t ion  IV showed t h a t  the  c o r r e c t e d  HRWT 042 d a t a  is s i g n i f i -  

c a n t l y  d i f f e r e n t  from t h e  TWT 660 da ta .  Thus the  HRWT d a t a  h a s  t o  be used t o  

e v a l u a t e  the  c o r r e c t e d  d a t a  t r ends .  S p e c i f i c  t r e n d s  wi th  Reynolds number were 

d i f f i c u l t  t o  e v a l u a t e  due t o  d i f f e r e n c e s  between t h e  c o r r e c t e d  nose mount and 

s i d e  mount da ta .  The procedure t h a t  was used was t o  use  t h e  average of t h e  

c o r r e c t e d  High Reynolds number d a t a .  

Summary p l o t s  of the  c o r r e c t e d  normal f o r c e  c o e f f i c i e n t  d a t a  a r e  presented 

i n  Figures  4-45 through 4-50. The a n a l v s i s  o f  t h e  c o r r e c t e d  daca compared t o  

the  d a t a  Tape #2 showed t h a t  d i f f e r e n c e s  of a magnitude t o  warrant  changes d i d  

not  e x i s t .  Thus no c o r r e c t i o n s  were made t o  the  normal fo rce  c o e f f i c i e n t  d a t a .  

Smmary p l o t s  of t h e  co r rec ted  p l t c h i n ( ;  momznt c o e r f i ~ i e u t  d a t a  a re  p re -  

sented i n  Figures  4-51 through 4-56. The a n a l y s i s  of t h e s e  d a t a  showed t h a t  

s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between the  c o r r e c t e d  d a t a  and d a t a  Tape #I 

and # 2 .  The c o r r e c t e d  p i t c h i n g  moment c o e f f i c i e n t  curves  a r e  presented i n  

Figures  6-1 through 6-6. The p i t c h i n g  moment c o e f f i c i e n t  a t  MAch 0.4, 0.6, 

and 0.8 was c o r r e c t e d  t o  t b e  average of the  HRWT 042 d a t a  t r ends  a s  shown i n  

the f i g u r e s .  The f i g u r e s  show t h a t  t h e  c o r r e c t e d  trim ang le  of a t t a c k  is 

genera l ly  c l o s e r  t o  Tape #1 va lues  than Tape 82. 

Correct ions  t o  t h e  Tape 12  p i t c h i n g  moment a t  r o l l  ang les  o t h e r  than zero  

and 90 degrees  were developed by evalud:?ng the  p i t c h i n g  moment c o e f f i c i e n t  

and c o r r e c t i o n s  v e l s u s  r o l l  ang le  f o r  Tape #1 and t h e  c o r r e c t e d  d a t a  from 

t e 8 t  HRWT 042. This  produced a  s e t  of pre l iminary  p i t c h i n g  mnment c o r r e c t i o n s  

f o r  e v a l u s t i o n  a t  s e l e c t e d  ang les  of a t t a c k .  These d a t a  were used a s  a b a s i s  

t o  eva lua te  pre l iminary  p i t c h i n g  moment curves  and va lues  of a 
TRIM' 

The 

r e s u l t a n t  values  of a 
TRIM 

versus  Mach number was then used t o  e v a l u a t e  t h e  

p o t e n t i a l  va lues  of a TRIM 
a t  t h e  two .%ch numbers where t h e r e  was noL s t i n g  

j7 ter ferr .nce  d a t a  ( M  = 0.5 and 0.7). These d a t a  were then converted t o  an  

e f f e c t i v e  d e l t a  i n  p i t c h i n g  moment c o e f f i c i e n t  which was app l i ed  t o  t h e  Tape 

1 2  da ta .  This provided a  b a s i s  f o r  c o r r e c t i n g  the  Tape 62 p i t c h i n g  moment 

c o e f f i c i e n t  a t  Mach 0.5 and 0.7. The n e t  c o r r e c t i o n  t o  Tape 62  r e p r e s e n t s  

approximately 75% of the  d i f f e r e n c e  between Tape b l  and Tape 12. 

6 -  3 
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A compariroa of the rerultmt valuer of a TRIM verrur Mach number i r  pre- 

aented in  Figurer 6-7 through 6-14. Alro prerented on the figurer are value8 

Of 'TRIM from Tape #1 and Tape #Z. 



Figure 6-1. Corrected Pitching Homent Cdefficient, H, 0 . 4 ,  & 1.0 

6-5 





Figure 6-3. Corrected Pitching Moment Coefficient, M m =  0.6, @ = 0 

6-7 



Figure 6-4 .  Corrected Pitching Moment Coefficient, M- = 0.6, $I = 90 
L 

b 
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Pigurei 6-5.  Corrected 1 itching Moment Coeff ic ient ,  Ma = 0 . 8 ,  4 = 0 

6-9 e 



Figure 3-6. Corrected Pitching Moment Coefficient, Ma = 0.8, 41 = 90 
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Sect ion VII 

CONCLUSIONS 

The ana lys i s  of t he  s t i n g  in te r fe rence  data  from t e s t s  TUT 6 6 0  and HRWT 

042  i d e n t i f i e d  the  following general  inf luence of the  s t i ng .  

1. The r i d e  mount s t i n g  almost always reduces t he  narmsl fo rce  
c o e f f k i e n t  of the  model. 

2 ,  Tile amount of reduct ion depends on the r e l a t i v e  s i z e  of the 
s t i n g  t o  the  model. 

3. The pitching moment s t i n g  in te r fe rence  depends on the  s i z e  
and loca t ion  of the  s t h g .  

4 .  The SRB pi tching moment s i d e  mount s t i n g  i n t e r f e l ence  w a ~  
smaller than the  nose mount s t i n g  in te r fe rence  f o r  anglcmr 
of a t t a c k  from 100 degrees t o  120 degreea. 

5 .  The SRB nose mount s t i n g  in te r fe rence  was smaller  f o r  angles  
of a t t a c k  from 120 t o  140 degrees. 

6. The Ames s ide  mount s t i n g  configuret ion had higher o t i ng  
in te r fe rence  than the MSFC s i d c  wmnt s t i n g  conf iguracion. 

7.  The corrected normal force  and pi tchi t ,g  moment wind tunnel 
da ta  was s i g n i f i c a n t l y  d i f f e r e n t  from tile SRB aero da ta  
Tape #i and Tape $2 fo r  Mach n*mbers of i.1, 1.2, and 1.46. 

8. The corrected pi tching moment a t  a l l  subsonic Mach numbers 
was d i f f e r en t  from e i t h e r  da ta  Tape # I  o r  1 2 .  

9 .  A new SRB aerodynamic math model was developed incorporat ing 
new normal force and pi tching moment da ta  conrmensurate with 
concluu ions # 7  and X8. 
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